
N A S A C O N T R A C T O R  

R E P O R T  

*o 
*o 
*o 
v 

I 

U 

AN IMPROVED ULTRAVIOLET 
INTERFEROMETER 

by Richard A. Day 

Prepared by 
UNIVERSITY OF OKLAHOMA 
Norman, Okla. 73067 

f o r  

L W  COPY: RETURN TO 
AFWL (WLOL) 

K1Rl’’LAND APB, N MEX 

N A T I O N A L   A E R O N A U T I C S   A N D   S P A C E   A D M I N I S T R A T I O N  W A S H I N G T O N ,  D. C. OCTOBER 1970 



TECH LIBRARY KAFB, NY - 

d i e p o r t  NO. ' NASA CR-1666 I 2. Government  Accession No. I 3. Recipient's  Cotalog No. 

~ ~ .- ~ ~~ 

4. T i t l e  and  Subtitle I October 1970, 
5 .  Report  Date 

AN IMPROVED ULTRAVIOLET INTERFEROMETER 6 .  Performing  Organization  Code 

~ ~ - 

7. Author(s) 
Richard A. Day 

8. Performing  Organization  Report No. 

. ~ .  . ~ - . ~ 

9. Performing  organization Narne.and Address 
.E"- 

ork Un i t  No. 

Uni-versi.ty -0.6 Oklahoma, 
Department  of  Physics  and  Astronomy 
Norman, Oklahoma  73069 

I 11. Contract  or  Gront  No. 

NGR-37-003-047 
" ~~~ . . .  . 13. Type  of  Report  and  Period  Covered 

2. Sponsoring  Agency  Name  and  Address 

National   Aeronaut ics  and Space  Administration 
Washington, D.  C .  20546 

Contractor   Report  

14.  Sponsoring  Agency  Code 

~ - - ~ -__.____ ~. "" I 
5 .  Supplementary  Notes 

This  work was s u p p o r t e d   i n   p a r t   b y  NASA Grant NGR-37-003-026 

6 .  Abstract 

._ ." " " - "" =~ 

The  performance  of a new u l t r a v i o l e t   i n t e r f e r o m e t e r   d e s c r i b e d   i n  

Applied  Optics - 9,   31 (1970)  can  be  improved  by t h e   t i l t i n g   o f   t h e  

p l a t e s .  We desc r ibe   t he   cond i t ions   o f  optimum performance  for   such a 

conf igu ra t ion   o f   t he   i n t e r f e romete r .  

. .  

17. Key Words (Selected by Author(s)) 
. -. 

U l t r a v i o l e t ,   i n t e r f e r o m e t e r ,  
spectroscopy 

~ ". 

18. Distribution  Statement 

Unclassified-Unlimited 

19. Security  Classif.  (of  this  report) 20. Security  Classif.  (of  this  page) I 21. No. of  Pages I 22. Pr i ce*  
" 

1 
I L ~ 

UnGlassif ied 
- .  ~~ " 

1 Unclas s i f i ed  
. . ~. ~~ 

I l1 
$3.00 

I 





AN IMPROVED W INTERFEROMETER 

A r ecen t   pub l i ca t ion   has   desc r ibed  a new in t e r f e romete r  which  de- 

r i v e d  i t s  coherent  beam from a set o f   g raz ing   i nc idence   r e f l ec t ions .   ( l )  

The i n t e r f e r o m e t e r   c a l l e d  a G I M B I ,  de r ived   t hese  beams  from r e f l e c t i o n s  

from  two p l a n e   p a r a l l e l   p l a t e s .  

We d i scuss  a m o d i f i c a t i o n   o f   t h i s   o r i g i n a l  GIMBI by  cons ider ing   the  

effect  of a tilt between t h e  two p l a t e s .  Again the   i n t e r f e romete r  i s  il- 

luminated  by a p inho le   (o r ,  a l i ne   sou rce )   p l aced   coax ia l ly   w i th   t he  

p l a t e s .  A wedge angle  0, i s  in t roduced   be tween  the   p la tes   by   requi r ing  

the   s epa ra t ion  a t  t h e   e x i t   p l a n e   o f   t h e   i n t e r f e r o m e t e r  Ilt211 t o  b e   l a r g e r  

t han   t he   s epa ra t ion  a t  t h e   e x i t   p l a n e   o f   t h e   i n t e r f e r o m e t e r  " t l ' l .  The 

p l a t e s  i f  extended  would  meet a t  a p o i n t   ( o r   l i n e )  a d i s t a n c e  R from the  

en t r ance   ape r tu re .  Under these   c i rcumstances ,   the   p roblem  of   f ind ing  

t h e   p a t h   l e n g t h s   o f   t h e   v a r i o u s   r e f l e c t i o n s   c o n t r i b u t i n g   t o   t h e   i n t e r -  

f e r e n c e   p a t t e r n  can be   rep laced   by   the   p roblem  of   f ind ing   the   in te r fe r -  

ence   pa t te rn   c rea ted   by   the   cont r ibu t ions   f rom a set  o f   v i r t u a l   s o u r c e s  

pos i t i oned  on the  c i rcumference  of  a c i r c l e   s e p a r a t e d  from  one  another 

and t h e   o r i g i n a l   s o u r c e  by the   angle  0,. Due t o   t h e  TT phase  change a t  

r e f l e c t i o n   e a c h   o f   t h e s e   v i r t u a l   s o u r c e s  emits with a p h a s e   s h i f t   o f  TT 

r e l a t i v e   t o  i t s  two neighbors .  The amplitude a t  a p o i n t  "L" d i s t a n t  

a x i a l l y  and lrarr d i s t a n t  from t h e   a x i s  i s  then:  

+N exp i (k dn+nr) 
$ = b o  c p In1 

n=-N dn 



where p i s  t h e   a m p l i t u d e   r e f l e c t i v i t y  which   causes   each   v i r tua l   source  

t o   d e c r e a s e  i n  amplitude  due t o  t h e   r e f l e c t i o n s  f rom  the   mir rors ,  d, i s  

t h e   d i s t a n c e  from the   n th   sou rce  (n coun ted   pos i t i ve  above t h e   o r i g i n a l  

source  and negat ive   be low) ,   bo  i s  t h e   a m p l i t u d e   o f   t h e   o r i g i n a l   s o u r c e ,  

k i s  t h e  wave number o f   t h e  assumed  monochromatic r a d i a t i o n  (kh = 2 ~ )  

and N i s  t h e   l a s t   r a y  which c o n t r i b u t e s   t o   t h e   i n t e r f e r e n c e   p a t t e r n  

and w i l l  normal ly   be   de te rmined   by   ad jacent   op t ics .  

Hence forward, we w i l l  i g n o r e   t h e   v a r i a t i o n   i n  d, i n   t he   denomina to r  

and w i l l  a l s o   n e g l e c t   t h e   l o s s   o f   i n t e n s i t y  due t o   r e f l e c t i o n s   ( i . e .  

p = 1); then  (1) becomes 

+N 

do n=-N 
$ = -  bo c ( - l )n   exp( ikdn1 , 

where d, i s  t h e   c r u c i a l  term. And from the  geometry  of   the  s i tuat ion 

shown i n   F i g .  1. 

4 = L2 + (2LR+2R2) (1-cos@) - 2aRsinO + a2 (3 )  

where 0 i s  the   angle   be tween  the   ax is   and   the   n th   v i r tua l   source ,  

On = nOo 

Then i f  ~ 1 2  = ~2 + a2 

(4) 

and a double  expansion w i l l  be   a t tempted,  f irst  of   the  square  root   and 

then   of   the   angle .  F i r s t  , def ine  
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g iv ing  

d = 1 + 2(hr+r2)  sin2: - ar s i n 0  - $4 1 (hr+r2)   s in20 
L '  2 

- 2ar s in@] + .. . 2 

= 1 + 2(h r+r2 ) s in2Z  0 - ar s i n 0  - 2(h r+r2 )  2 s i n 4  - 0 2 

+ 2 a r (h r+r2 ) s in2 -  0 s i n 0  - "a 1 2 2  r s i n 2 @  + . . . (8) 
2 2 

then ,   the   usua l   expans ion  of t h e   s i n e  is  used 

t o  o b t a i n  

+ 2ar (h r+r2 )  (4 - -) - 1 a2r2 (02 -  0 3  305 0 4  
48 2 - 

Col l ec t ing  powers of  0 
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+ 0 4 [ -  

+ 0 5 [ -  a r  a r m  r+r2) 
" 

5! 8 1 

4 (hr+r2)  ' 2 (h r+r2 )  
+ 06[ 64 + -  96 + . . . I  . 

ADDroximations 

A s  was t h e   c a s e   i n   t h e  G I M B I ,  the  even  powers  of 0 answer 

the   ques t ion  - i s  t h e r e  a resonance? The  odd powers  ask  the  ques- 

t i o n  - where is the   resonance?  To s impl i fy   t he   subsequen t   ca l cu -  

l a t i o n s  we w i l l  dea l   on ly   w i th   ax i a l  modes ( i . e .  a=O),  and f u r t h e r -  

more we w i l l  keep  only  those terms whose c o n t r i b u t i o n s  are g r e a t e r  

than Recall t h a t   t h e   l a r g e s t   a n g l e   t h a t   c o u l d   b e   a c c e p t e d   b y  

an  6/10  instrument  placed a t  t h e   e x i t   a p e r t u r e   o f   t h e   i n t e r f e r o m e t e r  

R 
L L 
" - - Sinomax = r Omax .05 . 

Furthermore, we expect  ha, 2 .01,  i . e .  t h e   p l a t e s   a r e   o n l y  

s l i g h t l y   i n c l i n e d .  Then some typica l   o rders   o f   magni tude   a re :  

and the  terms  which are t o  b e   r e t a i n e d  are 
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Phase  Relat ionship 

We r e q u i r e   t h e n   t h a t  

kdn = kL( 1 + + ( r + r 2 )  O2 - - 
( r+ r2 )  * 

8 0 4 )  

be  an  odd m u l t i p l e  of T f o r  a l l  p o s s i b l e   v a l u e s   o f  0. Actua l ly ,  

t h e  f irst  term is a cons t an t  and  can  be  ignored; w e  d i r e c t   o u r  a t -  

t e n t i o n   t o   t h e   s e c o n d  term 

where Z i s  an odd in teger .   This   can   be   sa t i s f ied   by   having  

and p+q = odd number. 

O r  t h e s e  two expressions  can  be  reduced  to  

R O 2  = px 
0 

R2 - 02 = qx . L o  

The requirement i s  

” R - 1  , 
L P  

t h e   r a t i o  of  t h e   r a d i u s   o f   t h e  c i rc le  t o   t h e   l e n g t h  is  t h e   r a t i o   o f  

two  whole  numbers. 
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O f  c o u r s e ,   t h i s  i s  no t  a v e r y   r e s t r i c t i v e   c o n d i t i o n .  The o t h e r  

c o n d i t i o n   t o   b e   f u l f i l l e d  is t h a t  

and i f  N 25 

R 1 " 0  = -  
L 0 500 a 

A t  t h i s   p o i n t ,  we s t i l l  have a g r e a t   d e a l   o f   f l e x i b i l i t y   i n   t h e  

c h o i c e   o f   a r r a n g e m e n t s   t o   f u l f i l l   t h e s e   c o n d i t i o n s .  For  example, 

R = 100 cm, L = 10 cm, - = 10, 0 = Z X ~ O - ~ .  Then q = 2.5x102, 

p = 2 . 5 ~ 1 0 ~  i f  X = cm and t h e   p h a s e   r e l a t i o n s h i p   o f   t h e  beams i s  

ensured. 

R 
L 0 

Quar t i c  Terms 

The p resen t   d i scuss ion   has   g iven  a se t   o f   f r i nges   caused   by  beams 

which are i n   p h a s e   u p   t o  terms of  order  n4  and, as such   represents  no 

improvement o v e r   t h e   p l a n e   p a r a l l e l  G I M B I .  But, now, wi th   the   addi -  

t innal   degree  of   f reedom, it should   be   poss ib le   to   improve   the   approxi -  

ma t ion   so   t ha t   t e rms   o f   o rde r   n4   e i the r   do   no t   con t r ibu te  o r  e l s e  con- 

t r i b u t e   c o m p l e t e l y  In phase  with  th.e  n2 terms. Such. indeed  proves  to  

t h e   c a s e .  

Our requlrement w i ' l l  b e   t o   f i n d  terms s u c h   t h a t   f o r   n = l   t h e  f i r s t  

term i s  e q u a l   t o  T o r  371 e t c .  so t h a t  a l l  terms of o r d e r   n 2   a r e   i n  

6 
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phase;  however,  the  dephasing  of terms of   order   n4 is   less o r  equal  

t o   IT/^ f o r  n = N . Then aga in ,  

and the   coe f f i c i en t   o f   n2   mus t   be  71, 371 e t c .  and t h e   c o e f f i c i e n t   o f  

n4  must  be s o  small t h a t  when mul t ip l ied   by  N: it i s  less than   IT/^. 

We have   t he   subs id i a ry   cond i t ion  

where 6 '  is  the   t angen t  of f of t h e  maximum angle   accepted by t h e   o p t i c s ,  

t y p i c a l   v a l u e s  would be N = 20, 6 '  = 1 /20 .  Using t h e   e q u a l i t y  

and kd = kL + 

and 

the  requirements  are 

This  last  e q u a t i o n   c l e a r l y   c a n n o t   b e   s a t i s f i e d   f o r  0 6 ' N  p o s i t i v e  
0 

and 6 '  = - 20 We have  here  more than  an  opt ion,  w e  have a requirement  



t o  make one  of   these terms n e g a t i v e ;   t h i s  i s ,  f o r t u n a t e l y ,   p o s s i b l e  

by  making R nega t ive .  Now t h e   r a d i u s   o f   c u r v a t u r e  i s  on t h e  same 

s i d e  as t h e   e x i t  s l i t  (cf .  Fig.  2 ) .  

Then the   rep lacement   o f  R by -R g ives   t he   cond i t ion  

and f o r  - = lo6  , 6 '  = 1 we have L 
X 20 

w i t h   t h e   e q u a l i t y   s i g n   s a t i s f i e d   b y   e i t h e r  

N O  = 3 ~ 1 0 - ~   o r  7x10-  and t h e   i n e q u a l i t y  sat isf ied fo r   i n t e rmed i -  
0 

a te  points .  If N i s  taken as 30 then  condi t ion  (21)  is  f u l f i l l e d ,  and 

NOo i s  t a k e n   m o s t   u s e f u l l y   t o   b e   3 ~ 1 0 - ~ .  Then a s u i t a b l e  se t  of condi- 

t i o n s   f o r   t h e   t i l t e d  GIMBI is 

" R - d =  1 = 1.66 
NOo 2 0 x 3 ~ 1 0 - 2  

i . e .  i f  L = 10 cm, R = 16.6  cm, X = 1000 8 .  This   completes   the 

se t  o f   cond i t ions   fo r   t he   comple t e   cons t ruc t ive   i n t e r f e rence  on a x i s  

of  60  beams i n  a t i l t e d   p l a t e  GIMBI ar rangement .   The   t rue   in te r fe rence  

cond i t ion  s t i l l  t o   b e   d e t e r m i n e d  i s  then 

8 



- (Ood'N + 5 '  2, - = p r  kL 1 
2 N2 

where p is an odd  number.  Using (24) as an exact r e l a t ion   one   can  

choose 

o r  

A = 1 . 1 ~ 1 0 - ~  L p 

if p is equa l   t o   one ,  A v a r i e s   l i n e a r l y   w i t h  L or w i t h   t h e   d i s t a n c e  

from t h e  real  poin t   source .  

Summary 

We have  descr ibed  an  interferometer   which i s  s u i t a b l e   f o r   t h e  

u l t r a v i o l e t   r e g i o n   o f   t h e   s p e c t r u m .   T h i s   d e v i c e   u t i l i z e s   t h e  same 

p r i n c i p l e   f o r   f o r m i n g  i t s  i n t e r f e r e n c e   p a t t e r n  which was p rev ious ly  

d e s c r i b e d   i n   t h e  G I M B I ;  however, t i l t i n g   o f   t h e   p l a t e s   h a s   d e c r e a s e d  

the  dephasing  problem  evidenced  in   the  forerunner .  We have  descr ibed 

one s p e c i f i c   i n s t r u m e n t a l   s e t - u p  which   op t imizes   the   k te r fe rence  

p a t t e r n   f o r  A = 1000 8 .  

Reference 
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TILTED GIMBI 

Figure 1. Schematic  drawing o f  in te r fe rometer  showing in te r fe rometer   i l lumina ted  by a 
poin t   (or   l ine)   source .  The v i r tua l   sources   separa ted  by an angle 0 t h e  
inc l ina t ion   o f   t he   i n t e r f e romete r   p l a t e s , a re   i nd ica t ed .  0' 
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Figure 2 .  Arrangement o f  the   in te r fe rometer   p la tes   for  optimum performance; 
i . e . ,  tilt is away from the  source  toward  the  plane o f  in te r fe rence .  
Phase s h i f t s  between tl:e v i r tua l   sources   a re   ind ica ted  by + and -. 
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